ABSTRACT: The possibility that scleractinian corals and octocorals could change their symbiotic zooxanthellae in response to global warming is alluring. In Goulet (2006; Mar Ecol Prog Ser 321:1-7) I concluded that corals capable of hosting multiple zooxanthella (Symbiodinium) clades may change zooxanthellae, while those hosting one clade may not. Since the majority of corals (77%) host a single Symbiodinium clade, their survival will depend on whether or not the existing symbioses withstand the changing environment. Baker & Romanski (2007; Mar Ecol Prog Ser 335:237-242, this volume) question whether these conclusions apply to scleractinian corals. They subscribe to the null hypothesis that most corals host multiple clades and argue that if sampling does not reveal multiple clades in a coral species, this is due to insufficient sample sizes, sampling sites and/or detection techniques. In this Reply Comment, I demonstrate that sample sizes are adequate: of the scleractinian corals capable of hosting multiple clades, 87.5% have been detected with sample sizes ≤5, and 97.7% with sample sizes ≤ 10. Within scleractinian coral families only a minority (29%) of species host multiple clades, concurring with the overall finding at the species level. The conclusions in Goulet (2006) 
Stony (scleractinian) corals and octocorals (collectively referred to as 'corals') may deal with changing environments by altering the host -symbiont (coralzooxanthella) genotypic combination. In Goulet (2006) , I proposed that the ability to change symbionts and the ability to host multiple zooxanthella (Symbiodinium) clades are intertwined. Since most coral species host a single clade, I concluded that most coral species may not change their symbionts. In their Comment on Goulet (2006) , Baker & Romanski (2007, this volume) question my claims. The debate between Baker & Romanski and myself stems from our opposing null hypotheses. Baker & Romanski (2007) subscribe to the null hypothesis that a coral species hosts multiple zooxanthella clades (Baker 2003) . This null hypothesis is flawed, since it cannot be refuted: if, for a given coral species, multiple clades are not found, then one can argue that this is due to insufficient sample sizes, sampling sites and/or detection methods, and Baker & Romanski (2007) use these arguments to explain why so few species host multiple clades.
An opposing null hypothesis states that a coral species hosts a single zooxanthella clade. This null hypothesis can be confirmed or refuted, e.g. if multiple clades are discovered in a given coral species, either within a colony or between colonies at any depth or geographic location. I am a proponent of the latter null hypothesis.
In Goulet (2006) , I stated that 77% of coral species host only 1 zooxanthella clade. My findings are supported by previous studies. Baker (2003) , with a dataset of 107 scleractinian coral species, found that 64% hosted a single clade. LaJeunesse (2002) (LaJeunesse 2002 , Baker 2003 , Goulet 2006 , nor by their own data, they dismiss large parts of the dataset. Baker & Romanski (2007) raise the points of sample size, within-clade variability and 'cryptic Symbiodinium' to rationalize why they ignore the current findings. The current data cannot be dismissed, and the conclusions in Goulet (2006) are valid.
Sample size of the Goulet (2006) dataset is 31% larger than the Baker & Romanski (2007) dataset
The datasets in Goulet (2006) and Baker & Romanski (2007) overlap, but they are not identical. Although Baker & Romanski (2007) are concerned with withinspecies sample sizes, they dismiss 31% of the Goulet (2006) dataset. Baker & Romanski (2007, p. 237 ) state that they excluded:
(1) Species reported only to the generic level ('sp.' or 'spp.'): In Goulet (2006) , I incorporated reports to the genus level (sp.). For example, if 3 studies reported Acropora sp. as hosting Clade C zooxanthellae, and 1 report stated that Acropora sp. hosted Clade A, I entered in the dataset that Acropora spp. hosted multiple clades (A and C). This is a conservative approach, since if each Acropora sp. were a different species, I would have listed 4 species hosting a single clade instead of 1 species hosting multiple clades. This approach potentially inflated the number of corals hosting multiple clades. Within my dataset, 21 unknown species (spp.) of scleractinian corals are categorized as hosting multiple clades while 17 unknown species host a single clade. These data add nearly the same number to each category and do not affect the overall conclusions. Furthermore, Baker et al.'s (2004) general statement that 'shifting to new algal symbionts may safeguard devastated reefs from extinction' relies solely on data at the generic level.
(2) Unpublished data: Baker & Romanski (2007) do not include T. L. Goulet et al. (unpubl. ; data available upon request) in their dataset, which represents a small fraction (5.4%) of the Goulet dataset; conversely, they use other unpublished data to substantiate their claims.
Within coral species sample sizes are sufficient Baker & Romanski (2007) question whether withinspecies sample sizes are adequate. Because the majority of octocorals (regardless of sample size) host a single Symbiodinium clade, Baker & Romanski (2007) set them aside and focus on raising doubts about the current data on Symbiodinium clades in scleractinian coral species. They allege that: 'As sampling effort per species increases, the number of Symbiodinium clades documented also increases ' (p. 238) . This claim is incorrect. If a coral species, capable of hosting multiple Symbiodinium clades, were sampled 150 times, it does not mean that it took 150 samples to uncover the fact that it can host multiple clades. In regard to sample size, the critical question is: what is the minimum sample size that would detect that a coral species hosts multiple clades? Once a coral species is categorized as hosting multiple clades, further increasing the sample size does not change that categorization.
By re-analyzing the data, I determined the minimum sample size that revealed multiple clades in scleractinian coral species (Fig. 1) . Although octocorals are a major 244 Fig. 1 . Minimum sample size that detected multiple Symbiodinium clades in scleractinian coral species. Bars are percent (%) of scleractinian coral species (n = 88). Only scleractinian corals identified to the species level were included in the analysis. Colpophyllia natans, for example, hosts Clades B, C and D , Baker 1999 , 2001 , LaJeunesse 2002 , Banaszak et al. 2006 ). On one reef, the only sample collected had Clades B and C (LaJeunesse 2002); hence, the minimum sample size was 1. Acropora horrida's minimum sample size was 4, based on 3 colonies hosting Clade A and one hosting Clade C (Baker 1999 , Fabricius et al. 2004 . If a report on a given coral species did not specify the sampling effort with regard to depths or reefs, it was not possible to determine whether the second clade was detected in the second sample, or in the last; a conservative approach was adopted, listing the total number of colonies sampled as the minimum number. For example, Euphyllia paraancora (Chen et al. 2005b ) was listed as hosting multiple zooxanthella clades with a minimum sample size of 20 constituent of coral reefs, in order to address Baker & Romanski's (2007) claims, I focused on scleractinian corals identified to the species level. Two examples, representative of the dataset, illustrate the findings. The categorization of Acropora brueggemanni as hosting multiple clades is based on 2 colonies (Fabricius et al. 2004) . At the other end of the spectrum, Montastrea faveolata has been sampled at least 275 times (Rowan & Knowlton 1995 , Baker 1999 , Toller et al. 2001 , LaJeunesse 2002 , Banaszak et al. 2006 , Thornhill et al. 2006 , Warner et al. 2006 , and multiple clades were documented in every study. For example, all of 46 colonies in Panama contained multiple clades , and in 2 colonies sampled off Yucatan, 1 hosted Clade D and 1 hosted Clade C zooxanthellae (LaJeunesse 2002), demonstrating that, conservatively, a minimum sample size of 2 revealed that M. faveolata hosts multiple clades.
Of the 88 scleractinian coral species known to host multiple clades, 87.5% were detected as hosting multiple clades with a minimum sample size of 5 colonies or less; a further 10.2% of the scleractinian coral species were detected as hosting multiple clades with sample sizes from 6 to 10 (Fig. 1) . Thus, 97.7% of all scleractinian corals hosting multiple clades were found to do so on the basis of ≤10 samples (Fig. 1) . Baker et al. (2004;  their online supplementary information) also detected multiple clades in 13 scleractinian genera with low sample sizes (3 genera with n = 1; 6 genera with n = 2; 2 genera each with n = 3 and n = 5). Baker & Romanski's (2007) claim that increasing sampling effort will reveal more clades is based on a sampling artifact. Baker & Romanski (2007) provide the reason for this artifact, stating that, 'more flexible coral species also tend to have attracted more sampling effort' (p. 238). They have also attracted more public attention; a case in point: since the description that some coral species host multiple clades (Rowan & Knowlton 1995) , all articles published in Science and Nature involving zooxanthella cladal identity focused on coral species that can host multiple clades , Baker 2001 , Baker et al. 2004 , Lewis & Coffroth 2004 , Little et al. 2004 , Rowan 2004 . Because of the extensive sampling of scleractinian corals hosting multiple clades, these species comprise a minimum of 64% of the scleractinian corals in the category of extensively sampled species (Baker & Romanski 2007, their Table 1 , Row 7). Consequently, they are overrepresented in the 3 bars representing sample sizes >10 in Fig. 1c of Baker & Romanski (2007) , generating the false impression that a correlation exists between large sample sizes and multiple clades. Given that 97.7% of scleractinian corals hosting multiple clades are detected with small sample sizes, the conclusions reached in Goulet (2006) remain valid.
The majority of coral species within a scleractinian coral family host a single zooxanthella clade Baker & Romanski (2007, their (Table 1 ). These data demonstrate that, on average, scleractinian corals hosting multiple clades comprise only 29% of the species within a family (Table 1) . Discussion of the phylogeny of hosting multiple clades, and of the reasons why in some families more species host multiple clades, is outside the scope of a debate over Goulet (2006) . The data, however, illustrate that within most coral families, including dominant reef building taxa, species hosting multiple clades are not the norm. Baker & Romanski's (2007) statement 'In the example of Acropora, we predict that, as more data are collected, it will become apparent that the genus (comprising ~120 species) is flexible to a much greater degree than the sparse dataset currently indicates' (p. 239) is speculation; data already exist for 91 Acropora species ( 3 ⁄ 4 of the species) of which only 22% host multiple clades (Table 1) .
New publications have not altered the interpretation of the data
Baker & Romanski (2007) mention 18 publications, dating from before and after Goulet (2006) , stating that they are critical to the meta-analysis. Of these, 4 references , van Oppen 2004 , Chen et al. 2005a , van Oppen et al. 2005 were actually included in the Goulet (2006) dataset, but inadvertently omitted from the references, and Berkelmans & van Oppen (2006) was cited. The inclusion of these studies explains some of the discrepancy in the species numbers between my dataset and that of Baker & Romanski (2007) .
The remaining papers contributed only 3 new coral species to the dataset, all hosting a single clade (Huang et al. 2006 , Pochon et al. 2006 , Warner et al. 2006 . The additional references increase sample sizes, and, in some instances, add new geographic locations to the dataset, but they do not change the category of any of the coral species (i.e. from single to multiple clade hosts). Additional papers on zooxanthella genotypes are continuously being published (Barbrook et al. 2006 , LaJeunesse et al. 2007 ), but they also do not change the conclusions reached in Goulet (2006) . I have added all relevant new data to the analyses in Fig. 1 and Table 1 .
Within-cladal variability exists, but does not equate to flexibility
Using different molecular techniques, one can address questions about zooxanthellae at multiple levels (van Oppen & Gates 2006) . Corals hosting a single algal clade do display within-cladal variability, as one would expect at the population or individual level. Intra-cladal variability, however, does not equate to flexibility. In the octocoral Plexaura kuna, for example, every coral genotype hosts a unique zooxanthella genotype, demonstrating enormous variability at the individual coral level (Goulet & Coffroth 2003a,b) . The unique zooxanthella genotype within a coral, however, does not change over time, or upon transplantation to novel environments (Goulet & Coffroth 2003b) . To date, there has been no indication that corals hosting a single zooxanthella clade change that clade or even a type within that clade.
Corals hosting one clade have not been documented to change symbionts
Most studies on zooxanthella clades have focused on identifying which clade(s) are found in a coral species in nature. In Goulet (2006 , Table 2 ) I listed the few examples -among corals hosting one cladewhere molecular techniques provided within-clade resolution, and the genetic identity of the zooxanthellae was followed over time or documented under experimentally manipulated conditions. My conclusion, that cladal fidelity exists in corals hosting one clade, however, is based not just on those few studies. As opposed to the absence of change in coral species hosting a single clade, in every single instance in which cladal turnover was documented, it occurred in a coral species known to host multiple clades (Baker 2001 , Baker et al. 2004 , Chen et al. 2005a , Berkelmans & van Oppen 2006 , Thornhill et al. 2006 . Consequently, although few experimental studies exist, for both corals hosting single and multiple clades, taken together, genotypic turnover in zooxanthellae has occurred only in coral species capable of hosting multiple clades; no turnover has been reported from corals hosting a single clade.
This pattern, observed from manipulative and temporal experiments, is supported by survey data. Corals hosting a single clade maintain that same clade at different depths (Diekmann et al. 2002 , Goulet & Coffroth 2003a , Iglesias-Prieto et al. 2004 ), on different reefs within an area (van Oppen et al. 2001 , Goulet & Coffroth 2003b , Fabricius et al. 2004 , Chen et al. 2005b , and in different geographic locations (LaJeunesse 2002 , Chen et al. 2003 , Goulet & Coffroth 2004 , Karako-Lampert et al. 2004 , van Oppen 2004 . The conclusion that coral species hosting one clade do not change that clade is therefore based on multiple lines of evidence. On the other hand, Baker & Romanski's (2007) argument that the findings on corals hosting multiple clades likely apply to most scleractinian coral species is hypothetical and not supported by the current data.
Detecting 'cryptic zooxanthellae' does not prove that these zooxanthellae are in symbiosis
In Goulet (2006) , I discussed the phenomenon of uncovering zooxanthella genotypes not documented from a coral species in nature ('cryptic zooxanthellae') by culturing or by using molecular techniques. In corals capable of hosting multiple clades, finding cryptic zooxanthellae is not surprising and fits with the suggestion that these species are 'shuffling' between existing symbionts based on external conditions (Buddemeier & Fautin 1993 , Baker 2003 , Berkelmans & van Oppen 2006 . For coral species hosting a single clade, I referred to 2 explanations from the literature about cryptic zooxanthellae. The first possibility is that the cryptic zooxanthellae were an artifact of a molecular technique. Baker & Romanski (2007) point out that cryptic zooxanthellae may not be an artifact (Apprill & Gates 2007 Goulet (2006) . Baker & Romanski (2007) , however, ignore the second explanation presented in Goulet (2006) . Detecting cryptic zooxanthellae from a host sample does not demonstrate that these genotypes are in symbiosis with the host. Corals produce mucus, which can trap particles (either alive or dead) on their external surfaces (reviewed in Brown & Bythell 2005) . Cryptic zooxanthellae might be surface contaminants (Santos et al. 2001 , Baker 2003 . Corals are also an open system. Corals ingest, among other things, zooplankton, pinnate diatoms, ciliates, bacteria, cyanobacteria and flagellates, including dinoflagellates (Ribes et al. 1998 , Houlbreque et al. 2004 ). Since Symbiodinium spp. are dinoflagellates, some may be ingested. To date, there is no proof of a symbiotic association between cryptic zooxanthellae and adult colonies in coral species hosting a single Symbiodinium clade.
Conclusions
The data available today do not agree with Baker & Romanski's (2007) null hypothesis that corals host multiple zooxanthella clades. They focus on a subset of the data, citing limited sample sizes, sampling sites, and/or detection techniques as reasons to disregard most of the current data. This approach demonstrates their belief in a non-refutable null hypothesis, since one can never sample all parts of all colonies, and all corals, at all depths, at all sites, 365 days a year, with molecular techniques that may be described in the future.
The current data demonstrate that most corals (77%) host a single zooxanthella clade. The null hypothesis that a coral species hosts a single clade can be confirmed or refuted at any time. The average percentage of coral species hosting a single clade is uncannily similar when it is calculated by different researchers on different datasets or when it is generated using the coral species or family level. Corals that host a single zooxanthella clade have not been documented to change that clade or genotypes within that clade. Only a minority of coral species hosts multiple clades. Consequently, generalizations for the entire coral reef should not be made based on coral species capable of hosting multiple clades. Proclamations that corals may adapt with thermally more tolerant symbionts and thereby survive global climate change should be stated with the caveat that only 23% of coral species may be able to do so.
